Abstract. Soil samples and wild terrestrial snails from a storage centre for radioactive waste site, located in a semi-arid region of Central Mexico, have been analysed as indicators of trace metals pollution and radioactivity. In order to observe, under natural field conditions, the effect of uranium ore tailings and caesium in the soil and snails, some trace element concentrations and specific activities of 226 Ra, '"Cs and 40 K were measured in the soil, soft tissue and shell. The methodologies include the use of an atomic absorption spectrophotometer, an ICP-MS, an X ray fluorescence spectrometer and a gamma ray spectrometer. The concentration of some toxic elements (Ba, Cd, Cr, Ni, Pb and V) in the soft tissue is higher than the toxic level for these elements. Compared with other wild food, snails have relatively high transfer factors for some elements. The importance of this food to the diet, would tend to confirm that its consumption represents an important pathway for the intake of natural and anthropogenic toxic elements and for the delivery of the internal doses to man. The annual effective dose for 226 Ra due to ingestion of the snails represents 39% of the total annual dose from food intake (0.3 mSv).
I. INTRODUCTION
Garden snails (Helix aspersa Miiller) have long been regarded as promising ecological indicators and biomonitoring subjects. The capacity for bioaccumulation of metals, radionuclides and pesticides by the terrestrial and freshwater snails, demonstrated both in the field and in the laboratory, makes these invertebrates excellent bioindicators [1] [2] [3] [4] [5] .
Terrestrial pulmonate gastropods express contamination as a whole through ingestion of polluted food such as live plants, microorganisms, soil, and water but also through cutaneous contact (foot and tegument covered by mucus) and from the polluted air they breathe. The high tolerance of terrestrial snails toward metals in contaminated environments is thought to be due to the high capacity of accumulation and sequestration of heavy metals in their tissues. This resistance is related to the secretion of metallothioneins (metal-binding proteins), to take up excess metals [6] . Snail populations, able to resist high concentrations of pollutants, owing to very efficient systems of storage and detoxification, are, however, subject to sublethal toxic effects when the levels of absorption surpass the rates of the excretory, metabolic, storage and detoxification processes [7] .
The impact of natural radioactivity due to uranium and thorium decay series has become an increasingly important environmental question. 226 Ra, is one of the more radiotoxic radionuclides, being of concern Particularly in connection with uranium milling. 226 Ra, together with 40 K are the main naturally occurring radionuclides, which enter vegetable foods, thereby becoming a source of internal radiation to man and animals. Studies on the histological location of 226 Ra in the snails tissues have shown that this radionuclide »<1 other alpha emitters are predominantly located in granular deposits of visceral mass and palps, M D M S discrimination between the distribution of the radionuclide in the corporal mass and in the shell. A preliminary study of 226 Cl-866
RADIOPROTECTION -COLLOQUES
In order to observe, under natural field conditions, the effect of some trace elements, uranium ore tailing and caesium contamination, on the soil and in the wild snail populations living and evolving during more than two decades at the SCRW, the concentration values of trace metal elements and the specific activities of radioactive isotopes were analysed in the soil, in the soft tissue and in the shell of the snails. Reference samples were also collected in regional external sites. Soil-snail transfer factors to different elements have been calculated and the annual effective dose for 226 Ra and 137 Cs due to the ingestion of the snails were estimated.
EXPERIMENTAL
The SCRW site (19° 47' 39 Soil samples of 2.5 kg, corresponding to a total sampling surface of 279 cm 2 , were picked up from a topsoil layer 5 cm thick, sieved to pass a 2 mm sieve and air-dried. Land snails samples were collected at the SCRW and reference sites 15 km around. The snails were processed following a previously reported methodology [8] .
Snails and soil (1 g) samples were digested with acids (10 ml concentrated HF and 2 ml concentrated HC10 4 ) and heated on a hot plate until the appearance of white fumes. The residue was dissolved with HQ and diluted to a volume of 25 ml with deionised water.
Major elements in the samples were measured with an atomic absorption spectrophotometer Perkin Elmer 2380. Trace elements were determined by inductively coupled plasma-mass spectrometry (ICP-MS) with a VG Elemental-PQ3 equipment. Some samples were crosschecked using an X ray fluorescence spectrometer Ital-Structures, TX-2000. IAEA SOIL 7, SRM-2586 (NIST) and 1573a (NIST) standards were used to validate the analytical procedures.
The samples were also analysed for I37 Cs, 226 Ra and 40 K activity concentration, by low background spectrometry with a HPGe detector, Princeton Gamma Tech., Model N-IGC 29. Appropriate standard mixtures of y-ray emitting isotopes were used to calibrate the detector [9] . The geometry used was a 500 ml Marinelli beaker. The measurement time was from 1 000 s to 60 000 s. Counting errors for tbt measurements were usually lower than 10 %.
The soil-snails transfer factors (TF and ATF) for soft tissue and the shell were determined for 137 Cs, Ra, 40 K and for other major and trace elements. The specific activity determinations in the soil and in the snails and the concentration levels of stable Ca were used to calculate the Ra/Ca discrimination factor (DF) and the soil-snail concentration factor (CF) for 226 Ra [8] . The specific activities for 137 Cs and 226 Ra in snails, combined with annual local consumption patterns (1 kg y" 1 (dry wt.)) were used to estimate the annual intake due to this particular seminatural product. The doses have been calculated using, the soil-soft tissue Aggregated Transfer Factor (m 2 kg"'(dry wt.)) and the appropriate dose conversion factors for 226 Ra and I37 Cs (2xl0" 7 Sv Bq 1 and 1.3xl0" 8 Sv Bq"' respectively) [8] [9] [10] [11] .
RESULTS AND DISCUSSION
Soil and land snails content of Ca, Na, Fe, Mg and K at the SCRW, together with soil-snail TFs calculations are shown in Table 1 . [12] . It is worth mentioning that K concentrates in the soft tissue, however, the average Ca in the shell was one order of magnitude higher than in the soft tissue. Thi s result is reflected in the soil-snail TF value for Ca, much higher for the shell than for the soft tissue. Whilst extracting calcium from the environment, the mollusc inevitably takes its chemical analogues (Sr, Ba, Ra). Sometimes the presence of one of these elements facilitate the absorption and the uptake of the others; t hey may exist in the interstitial spaces of the cells as mixed metals/high molecular weight ligand complexes and they may be considered as central atoms of biocatalysts [13] .
The average results of trace elements content in the soil and land-snails (soft tissue and shell) at SCRW and the reference are indicated in Table 2 , together with the TFs. From these results, higher values were observed in the soil at the SCRW for V, Mn, Co, Ni, Zn, As, Se, Mo, Cd, Sb, Tl, Sr and Ba as compared with the reference.
These elements are related to mining tailings, but also to heavy metal smelting and refining processes. At the site, solid and liquid radioactive waste have been stored in metallic containers during more than two decades: uranium ore tailing piles also stood some time before being buried in specific metallic containers. At the SCRW, the trace elements having the higher values in soft tissue of the snails were: V, Mo, Ni S c Tl, Rb, Sr and Ba. At the reference site, TFs in soft tissue higher than 1 were obtained for Cu, Cd, SbandBa' while at the SCRW only the TFs for Cu, Mo, Cd and Ba were higher than 1. In the shell of SCRW lad snails, the higher trace element values as compared with the reference were V, Mn, Co, Ni, As, Mo, Tl ft and Sr. The soil-shell TFs higher than 1 at the reference, were for Cu, As, Se, Cd and Sr, while at the SCffi only TFs for Cu and Sr, were higher than 1.
Ba for the soft tissue is equivalent to Sr for the shell. In geochemical processes and probably in the snails Ba is usually associated with K + due to their very similar ionic radii. The most abundant mineral form o f barium, barite (BaS0 4 ), is known to form masses and be associated with limestone (CaC0 3 ) and dolomite, Ba released by weathering is not very mobile because it is easily precipitated as sulphates and carbonates, Varnishes formed at the surface of aridic soils always have an enrichment in Ba. Although bari um compounds in high amounts can cause toxic effects such as aberrations in musculoskeletal function, longterm effects of Ba intake in humans and ecosystems are not well-documented [14] .
It is noticeable that Tl is 14 times higher at the site soil as compared with the reference. Since T! is an element generated from the decay of 232 Th, its enhancement is probably due to the U tailings. Increased Tl levels in plant tissues are highly toxic to both plants and animals. In the present results Tl concentrates anomalously both in the shell and in the soft tissue of the snails. The cation Tl + is highly associated wifnK and Rb, it tends to bind with sulphide compounds and can interfere with pyruvate in the carbohydrate metabolism [15] .
Snails and other organisms can respond in many ways when they encounter with non-essential elements such as metals. Possible responses include sequestering the unnecessary metal ion into inaccessible and harmless form within the cell and selecting desired metal ions over unnecessary ones; mechanisms t o accomplish this, makes use of ion channels resident in cell membranes or external secretory substances. Zn influences the permeability of membranes, stabilizes cellular components and is believed to stimulate tht resistance of many organisms to dry and hot weather. Zn-Cu antagonistic interactions have been observed i n which the uptake of one element was competitively inhibited by the other. Cd also binds to sulfhydryl groups and, as Cd 2+ , can substitute Zn 2+ in enzymes [14] . The immobilization of Zn in soils containing enhanced amounts of certain Ca-saturated minerals such as montmorillonite, has an important impact on the Zn deficiency of plants and animals. The SCRW was polluted with Zn, but the snails that were used to the Zn, accumulated less than those from the unpolluted area. A similar situation was reported in England on sites heavily polluted with Pb [16] . These authors indicate that "sentinel snails, naive to all prior exposures and hence adaptation, constitute relevant and sensitive indicators". It will be possible to detect the biomarkers (such as metallothioneins, detoxification enzymes, etc.) involved in the biological processes that allow the snails to resist, and sometimes to adapt to the presence of heavy metals [17] . Lead has multiple means of poisoning organisms, including inhibition of such important chemical pathways as heme synthesis and enzymes, including ATPase. Although many studies on metals and snails have consider these metals, there is a strong need for further exploration of then role in snails [16] .
The unquestionable tendency of snails to accumulate some metals, anticipates toxicological an environmental consequences in the ingestion dose to the local population. In addition to well-known acute effects, there are subitle chronic and long-term outcomes, such as nephrotoxicity. It should be emphasis that consumption of the above-mentioned species as a delicacy is a common practice. In few countries, several occasions, official publications have indeed warned people against the possibility of poisonmg caused by heavy metals in wild edible foods from seminatural ecosystems. Cause and effect relat '
onslll^| not evident for physicians in poisoning cases and probably, some equivocal cases of poisoning may ^ from repetitive consumption of metal polluted wild foods. The presence of toxic elements such as Cd, r, , Pb, V and Ba in the dried soft tissue (water content equals s 83%) at the SCRW, were higher than the toxic level for these elements (1, 1,2, 3,10 and 500 mg kg" 1 (dry wt.) respectively) [13] . p The 226 Ra, 137 Cs and 40 K specific activity in the soil, snails soft tissue and shell in samples from 1997 are shown in Table 3 . The radionuclide content for the snails growing at the site was significantly higher than for the reference. However, the 40 K concentration was similar for both of them. In the soil samples analysed from SCRW and the reference, the average activity of 226 . Knowing the soft tissue and shell activities and the value of the transfer factors for the sampled species, one can estimate the level of radionuclide contamination of the environment. It is possible also to estimate te critical levels of snails activity indicating whether contamination of environment exceed some legal limit or not. Sr is considered to be one of the most biologically hazardous radioactive elements for man. Since Ca and Sr are known to be the carrier elements for 90 Sr, the cycling of 90 Sr is related to that of Ca and Sr. No Sr values are available, however, the soil-shell TF for Sr, obtained by us (0.05 m 2 kg "') was lower than previously reported [2] soil-shell TF for 90 Sr (0.1 m 2 kg in molluscs from the territories polluted by the Chernobyl outburst. These authors indicated that there are regional differences in strontium uptake rate associated with transfer factors as the free calcium content in the environment and probably with the form of radioactive precipitation.
a Considering the actual TF and ATF average values, an estimation of the annual effective dose (E) for Raand 137 Cs due to ingestion of the soft tissue of wild edible snails from SCRW and the reference, using to equations previously reported [8, 11] %of the total annual dose from food intake (0.3 mSv) [10] . Considering the high uptake of Ra by even small amounts of their ingestion would be sufficient to cause a sharp increase in the equivaie fee t o t he local population.
This study provides a basis for estimating intake levels for herbivores and for evaluating transfe coefficients, showing the bioavailability of radium and caesium for molluscs uptake by native speci es growing at a radioactive waste site. No clear correlation was observed between the concentration levels of a specific trace element in the soil and its concentration in the snail edible part, but compared with other wi l d food, snails have a relatively high concentration or transfer factors. These factors, together with | e importance of this food to the diet of the population, would tend to confirm that its consumption represáis an important pathway for the intake of natural and anthropogenic toxic elements and for the delivery of | e internal doses to man.
The impact of contamination of the terrestrial environment by radionuclide and metallic trace elements i s difficult to evaluate because of the complexity of soil ecosystems and high soil variability. To predict It environmental impact of chemicals on soil ecosystems in the field, some authors [4, 6] propose the use ofi laboratory microcosm with land snails in standard conditions, as "sentinels" and metal pollution bioindicators, for the assessment of the bioavailability of metals in their environment. Bioremediation is al so emerging as an attractive alternative to high-cost traditional cleaning methods for large areas polluted wi t h low to moderate levels of heavy metals and radionuclides.
